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Abstract
With the observation of the gravitational wave event of August 17th 2017 and
then with those of the extragalactic neutrino of September 22nd, the multi
messenger astronomy era has definitely begun. With the opening of this new
panorama, it is necessary to have a perfect coordination of the several observa-
tories.
Crystal Eye is an experiment aimed at the exploration of the electromagnetic
counterpart of the gravitational wave events. Such events generated by neutron
stars collision (or mergers) are associated with γ-ray bursts.
It has actually been observed in the event GW170817 that there is an X-ray
counterpart associated with the GW consistent with a short γ-ray burst viewed
off-axis. These X-ray emissions represent the missing observational link between
short γ-ray bursts and gravitational waves from neutron-star mergers.
The experiment we propose is a wide field of view observatory (2pi of local ob-
servation) in the energy range from tens of keV to few MeV designed to fly with
International Space Station (ISS). The motion along the ISS orbit will allow the
experiment to scan the sky at 4pi in 90 minutes.
The Crystal Eye objectives will be: to alert the community about events con-
taining X-rays and low energy γ-rays, to monitor long-term variabilities of X-ray
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sources, to stimulate multi-wavelength observations of variable objects, and to
observe diffuse cosmic X-ray emissions.
With its characteristics, Crystal Eye will provide the continuous exploration
and monitoring of the Universe after a Gravitational Wave event with a better
resolution than Fermi GBM. Thanks to its large field of view and its design, it
has the potentiality to be the trigger for those present X ray-astronomy mis-
sions (Chandra, Swift, Integral XMM Newton) that are based on high angular
resolution pointing experiment but that have unfortunately a very small field of
view.
Keywords: gamma ray burst; gravitational wave; X-rays; SiPM; LYSO.
1. Introduction
A long-standing astrophysical paradigm is that collisions, or mergers, of two
neutron stars create highly relativistic and collimated jets that power γ-ray
bursts of short duration [1, 2, 3]. The observational support for this model,
however, was only indirect until August 2017, when the X-ray counterpart as-
sociated with the gravitational-wave event GW170817 [4] was observed. The
hitherto outstanding prediction that gravitational-wave events from such merg-
ers should be associated with γ-ray bursts, and that a majority of these bursts
should be seen off-axis (i.e. they should point away from Earth) was therefore
verified.
In coincidence with this event, scientists performed observations at X-ray and,
later, radio frequencies that result to be consistent with a short γ-ray burst
viewed off-axis. The detection of X-ray emission at a location coincident with
the kilonova transient provides the missing observational link between short
γ-ray bursts and gravitational waves from neutron-star mergers, and gives in-
dependent confirmation of the collimated nature of the γ-ray-burst emission.
It results clear from the last observations that this is a new era for the observa-
tion of the Universe and we now need all the best and more elastic instruments
in order to observe even when and where we don’t expect anything.
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2. The scientific case: from Fermi-GBM to Crystal Eye
The main currently active experiments in orbit capable to observe the gamma
and X-ray range are CHANDRA, XMM-NEWTON and FERMI. Despite their
detection capability and their major observations, they belong to an old concept
of sky observatories.
CHANDRA and XMM-NEWTON’ main limitation, as well as their advantage,
is the small angle of view. This characteristic from one side allows to point a
source and to obtain a good imaging of that, on the other side limits the explo-
ration of the Universe to a very small portion.
On the other side, as it is evident from FIG. 1, the localization made by the
Fermi γ-ray burst monitor instument (Fermi-GBM) on the FERMI satellite is
not very accurate because it is designed to be a wide sight experiment [5]. The
Figure 1: Localization of the gravitational-wave, gamma-ray, and optical signals. it is syn-
thetized the localization of the gravitational-wave, gamma-ray, and optical signals. The left
panel shows an orthographic projection of the 90% credible regions from LIGO (190 deg2; light
green), the initial LIGO-Virgo localization (31 deg2; dark green), IPN triangulation from the
time delay between Fermi and INTEGRAL (light blue), and Fermi-GBM (dark blue).
GBM, indeed, includes two sets of detectors, (see FIG. 2): twelve sodium io-
dide (NaI) scintillators, each 12.7 cm in diameter by 1.27 cm thick, and two
cylindrical bismuth germanate (BGO) scintillators, each 12.7 cm in diameter
and 12.7 cm in height. The NaI detectors are sensitive in the lower end of the
energy range, from a few keV to about 1 MeV and provide burst triggers and
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locations. The BGO detectors cover the energy range from ∼150 keV to ∼30
MeV, providing a good overlap with the NaI detectors at the lower end and with
the LAT at the high end. The NaI detectors are responsible for the localization
Figure 2: Scheme of the GBM detector.
of the GRB as it is evident from FIG.2, there are four positions for the NaI
detectors each looking along three axes.
With this observational technique, the triangulation gives the blue spot in FIG.
1.
The GBM is is the orbiting device currently in operation with the closest con-
ceptual design with respect to Cristal Eye. Standing on the large difference of
localization capability of the above mentioned class of experiments and to the
vacancy in the observable energy range of those experiments, the Crystal Eye
aims to be the joining link for the future observations, being an all sky pixelated
monitor sensitive in the energy range going from tens of keV to few MeV.
The Crystal Eye (See FIG.3), will be a modern version of the Fermi-GBM detec-
tor, designed for a mission on the International Space Station (ISS). With this
device, we aim to improve the localization capability of the GRBs by enhancing
the spatial resolution of the monitor with a low-cost mission.
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Figure 3: Scheme of the Crystal Eye detector
The requirements we set in order to make this project competitive, are the com-
pactness (to be portable by an astronaut during a flight) and the wide field of
view with small pixels (to improve the localization of the sources).
The Crystal Eye objectives will be: to alert the community to about events
containing X-rays and low energy γ-rays, to monitor long-term variabilities of
X-ray sources, to stimulate multi-wavelength observations of variable objects
and to observe diffuse cosmic X-ray emissions. The Crystal Eye will then be
the most performant X and gamma-ray all sky monitor.
3. The Crystal Eye method
The device we are proposing is a semisphere made by a double layer of LYSO
pixels covered by a veto dome.
The device will have 110 pixels per layer. Each one consists of a hexagonal
pyramid of LYSO read by a 12 × 12mm2 SiPM matrix, see Fig. 4. The pixel
is 6cm high and the two scintillator layers will be respectively 3cm high. The
hexagonal surface of the pixel has a diagonal of 2.6cm, almost five times less
than the GBM pixel. The smaller size and the larger number of contiguous
pixels will improve the spatial resolution and, as a consequence, the localization
of the source.
The pixel is designed to observe the down-going X and γ-rays and to reject the
up-going ones. Thanks to thickness of the pixel, the down-going X or gamma
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Figure 4: Scheme of the Crystal Eye pixel.
ray will give a signal only in the upper pixel, while the up-going will give signal
only in the lower one.
The external dome veto will allow the rejection of the charged particles crossing
the detector. It will be made by a scintillator material with a dig where an
optical fiber will guide the collected light to the SiPMs. The dome, used in
anticoincidence with the crystals, will work as veto for the charged particles. It
is made with a plastic scintillator in order to be transparent to both down-going
X and gamma rays.
Looking at the FIG. 5, the good events we are considering are those of the case
(a).
Figure 5: Scheme of the Crystal Eye detector.
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4. Estimating the detection features: Fermi-GBM vs Crystal Eye
The Crystal Eye has been designed in order to improve the localization
capability of the source.
This goal is achieved thanks to the use of new materials and sensors.
In the ongoing experiments, the scintillator material mainly adopted for X and
γ-ray detection is NaI(Tl), we are now using LYSO. At the same time, we are
going to replace PMTs with matrices of SiPMs.
In the following we are estimating how the detection features changes thanks to
this renovation. Since Fermi-GBM, as already said, is the conceptually closest
orbiting object to the goal of Crystal Eye we will compare its results with the
expectations about our device.
The starting point of our estimation is the multimessenger observation made on
2017 August 17th when for the first time a gravitational wave event (GW170817)
was observed in coincidence with a γ-ray burst (GRB170817A).
The GRB170817A signal observed by Fermi-GBM [6] is shown in Fig. 6.
The second panel exhibits the best signal-to-noise ratio (SNR) and is the one
we compare to.
The first consideration we need to do is about the scintillation material used in
the two cases: NaI for Fermi-GBM and LYSO for Crystal Eye.
Looking at the X andγ-rays absorption efficiency curves of the two materials
(FIG. 7), it’s easy to see that while the Fermi-GBM pixel (1.27mm thick) is at
100% up to 100keV photons, the Crystal Eye (30mm thick) extend this range up
to 300keV. In the energy range 100keV-1MeV, NaI efficiency rapidly decreases
to 25% while LYSO’ never goes below 50%.
Based on the size of the pixels that we remind to be 12.7mm ∅ for Fermi-
GBM and 2.6mm ∅ for Crystal Eye, we can opportunely rescale both the noise
and the signal rate, finding the values in table 1. Considering the position and
direction of the fired pixel in Fermi-GBM, we expect that in correspondence of
such an event about half of the Crystal Eye will be fired (∼ 55 pixels). Based
on this assumption the S/N ratio of the two instruments is compared, see table
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Figure 6: First panel: Fermi-GBM light curves obtained by summing the signal coming from
NaI detectors 1, 2 and 5 in the energy range 10-50keV, in coincidence with the 100ms time
interval given by INTEGRAL SPI-ACS. The red line is the estimated background. Second
Panel: as the first one but in the energy range 50-300keV. Third panel: INTEGRAL SPI-
ACS light curve in the energy range 100 keV. Last panel: the time-frequency map of the
GW170817 obtained by the coherent combination of LIGO-Hanford and LIGO-Livingston.
Fermi-GBM Crystal Eye
abs(300keV ) 50% 100%
Spixel(cm
2) 126.7 4.37
Noisebackground(Hz/px) 300 23
Signal (Hz/px) 500 35
Table 1: Rates calculation table
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Figure 7: LEFT: NaI absorption efficiency curves. RIGHT: LYSO absorption efficiency
curves.
2. So, thanks to the larger efficiency of the LYSO we can obtain a better signal
Fermi-GBM Crystal Eye
Noisebackground(kHz) 1 1.27
Signal (kHz) 1.5 1.9
S/N 28 53.5
Table 2: S/N calculation table
to noise ratio. The value obtained in table 2 is purely based on the scintillators
characteristics and does not take into account the photon detection efficiency of
the devices used. In case of Fermi-GBM, the readout of the scintillation light
is made by using PMTs. Crystal Eye will exploit SiPM technology that can
achieve also a double PDE with respect to PMTs. So on the base of this last
observation, the S/N ratio in table 2 is underestimated.
Beyond this estimation, the most promising feature of the Crystal Eye is the
crucial improvement of the directionality. Standing on the size of the single
pixel with it’s small angle of view, we expect the Crystal Eye to contribute to
the multimessanger observation of the Universe by improving the localization
of the GRBs and gravitational waves sources of about 18 times with respect to
Fermi-GBM.
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5. Conclusion
Crystal Eye is an all sky X and γ-rays monitor. It’s design made by a
pixelated semisphere orbiting around the Earth is realized to improve the local-
ization of the sources of gravitational waves.
The goal will be achieved thanks to the use of new materials and sensors with
respect to those currently in use in the ongoing orbiting experiments. The pixels
will be realized by using LYSO scintillators read by SiPMs. The high density
of the material, together with the miniaturization of the sensor allow to realize
a high granularity detector. In the article, the signal to noise ratio as well as
the localization capability of the device have been analized. The project just
started with the realization of one pixel and tests on it are currently running.
A flight prototype will be completed by 2021 in order to be launched for a 2
months flight test.
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